Abstract--Water quality data banks are needed to document the status and trends of water pollution in a country. Examples of such systems are the STORET system in the U.S., the NAQUADAT system in Canada and the EIS system in Scandinavia. All of these systems require trained personnel to help in the formulation of the inquiry and the actual querying of the system.
INTRODUCTION
Regional water quality data banks are of great importance if one wishes to determine trends in water pollution over time. The general rationale for creating such systems is that data on water quality are generated by many agencies, municipalities and individual researchers, but are sometimes difficult to find. The basic idea is therefore to store them at one central location and to share them with all legitimate users. Central data banks ensure that a user will have access to all data that have been collected, that the cost of coding the data is incurred only once and that the reproduction and retrieval of the data is rather inexpensive.
Examples of such systems are the STORET system in the U.S., the NAQUADAT system in Canada and the EIS system in Scandinavia. In all of these systems the user submits a request for data on specific forms and receives within a hopefully short period a printout of the data requested. Specially trained personnel is necessary to query the system and help in the formulation of the inquiry.
In contrast to the above, what is described here is an on-line, interactive system which allows a user the direct search, retrieval and analysis of water quality data from a computer terminal in his own office.
THE COMPUTER SYSTEM
The computer system used in this study is The University of Michigan central computing facility which 31 consists of an AMDAHL 470/V8 with a central memory of 16 Megabytes (16 x 106) and on-line disk storage of 8 Gigabytes (8 x 109). It is a time sharing system and allows simultaneous access to about 500 users which can access the computer system over the telephone ndtwork from a variety of terminals and/or the central stations on campus. Connections of The U of M system to TELENET allow access through local telephone numbers in about 100 cities in the U.S. and Canada and from the major capitals of Europe. Extensive software exists which has been used in this study and the system has been put together using various existing components. Most of the software is specific to the local system and can not be easily implemented on other computer systems, but similar software packages exist at other computer installations. Since the system is dedicated to research purposes, it is not generally available for commercial use.
THE SYSTEM
Rather than describing the system in abstract terms, it is best to illustrate the operation of such a system by way of examples. In the examples following, actual conversations with a small demonstration data base of water quality data on the Ohio River are shown. This small data base has values on 9 selected parameters of water quality from 35 monitoring stations in the Ohio River Basin and was obtained from the Ohio River Basin Sanitation Commission (ORSANCO). the monitoring stations in the six states. The examples following show the three major functions of the system--the search and retrieval of data, the analysis of data, and finally the graphing of data.
Search and retrieval oJ data
The data storage and retrieval part of the system uses a data base management system called MICRO{I) which allows a user to direct inquiries in a language closely resembling English. It is very user oriented, friendly, forgiving and allows a user to recover from the mistakes. In the examples following, the user queries are printed in lower case letters and the system response is printed in capital letters. To search for data and retrieve them, the user should not have to remember specific codes but should bc prompted by the system. After signing on the user may simply issue a command to show the names and abbreviations of all parameters. Example 1 shows the nine parameters of water quality, the station where the sample was taken, and the date of the sampling.
If the user does not remember the names of the monitoring stations, the command above (Example 2) base those records which show a BOD of more than 5 (a total of 33 records) and the second command prints the actual values for the station, the BOD and the dissolved oxygen. Most of the commands may be abbreviated. For example, W stands for where and P for print. Example 4 shows how one can search for data at a specific station. Suppose the user is interested in fecal coliform counts of greater than 100 at the station *READY: -xtab in orsanco month * 12 RECORDS IN RESULT SET * 1,098 RECORDS REPRESENTED known that the relation between turbidity and suspended solids is known to be: TURB = 10 + 0.5189 * SSOL, the command below shows how this would be computed and how the new values would become part of the data set.
Example 7 shows a rather compound search inquiry, namely to find the records where the total solids are known and the total solids exceed the suspended solids. The particular example shows that 5<~ of the records show that the total solids are less than the suspended solids. A partial listing is shown.
One of the great advantages of the system is the capability to extract subsets of data. In Example 8 the data from the station Joppa (in Illinois) are extracted and named ILLI. A second set of data is extracted from the stations in Pennsylvania and named PENN. The COMBINE command then combines those two sets into one data set named ILLIPENN. A listing of the sets confirms that a new temporary data set ILLI-PENN is available, and a command SAVE would save it permanently on the disk system. The asterisks behind the data set names show which sets are active at the moment (other data sets like NORSDATA are inactive).
Statistical analysis of data
Once a user has found the data of interest, statistical analyses might be wanted. This is accomplished best using an existing software system called MIDAS 1-xamplc 9
(2), an acronym for Michigan Interactive Data Analysis System. One simple command moves the data for analysis, and a large number of statistical procedures are available again in conversational form. Example 9 shows the simple DESCRIBE command which gives the minimum, maximum, mean and standard deviation of the variables specified.
Quite often it is of interest to see if there are correlations between the variables, and the simple command [Example 10) asks for the correlation coefficients between the variables BOD, nitrate and phosphate. The example shows these coefficients which are all statistically highly significant.
If one would like to see how a particular set of data is distributed, a simple histogram serves as a convenient way to display the data. Example 11 below shows a histogram of the BOD data in the range between 0 and lOmg I-~. It shows that 762 data are missing, that one BOD value is larger than 10 mgl and that the distribution is skewed as one would expect.
If one wishes to calculate a regression equation of the BOD as a function of the suspended solids, the commands below show how this would be obtained. Based on 333 pairs out of a 1098 records, the prediction equation would be: BOD = 2.413 + 0.00247 * SSOL.
The command FINISH stops the program and shows that the entire statistical analysis (Examples 9 12) cost 26 cents, about half a second of computer time (central processing unit) was needed, and that the entire time on the terminal for the statistical part took 4.5 min.
The graphing o/data
If the user of the system is on a terminal which allows the display of graphics, several commands allow him to plot any of the data he has examined. Example 13 below shows a time series plot of total solids and suspended solids for the station Oakmont. Individual lines can be labeled and drawn differently (solid vs dashed line): if the terminal supports color graphics they can be displayed in different colors. Several different fonts are available to highlight the text. Figure 2 shows the use of a small microcomputer (an APPLE II) as an intelligent terminal to display 
